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Introduction

33
In recent years, the health benefits of Vaccinium berries, e.g. blueberries, cranberries and bilberries, 34 have gained visibility for the highest antioxidant activity linked with the high content of phenolic 35 compounds, especially anthocyanins (ACs), compared with other fruits and vegetables 1 . These used as weak eluting solvent (A) and methanol as strong elution solvent (B); formic acid 5% v/v was 145 used as additive in both eluents. The multistep linear gradient used was as follows: from 95 to 60% 146 of a for the first 4 min, from 60 to 45% A from 4 to 9 min, from 45 to 5% A from 9 to 11 min and 147 isocratic hold for 3 min to clean the column. The equilibration time was 4 min, and the injection 148 volume was 2 µl. 4-hydroxy-stilbene was used as internal standard (2.5 ppm) to check that the 149 sensibility of the machine was kept constant during the analysis. A quality control standard mixture was injected periodically to check that the sensibility of the machine was kept constant during the 151 analysis.
Identification and quantification (MS/MS). ACs were detected by multiple reaction monitoring
153
(MRM), by screening the MS/MS transitions and using the parameters earlier optimized for grape 154 wine 22 . The method was slightly modified to allow the detection of gal and ara anthocyanidins that 155 have earlier been described for bilberry. For some of the compounds, there were no standards 156 available, but they could be tentatively identified on the basis of their MRM transitions and the 157 relative retention time in respect to known compounds and considering previous results (Suppl. Table   158 1) 19 .
159
For quantification, external calibration curves were prepared by injecting authentic standards of each 160 compound at different concentrations. In case the authentic standard was not available, the ACs were 161 quantified relative to Mv-3-O-glu, using the Mv-3-O-glu calibration curve (Suppl. compounds, which were more abundant in 2013 than in 2014 (Suppl. Table 2 ).
213
The AC variability among bilberry populations, estimated through PCA analysis, was minimal as the 214 first axis explained the 98.5% of the diversity, but grouped all samples in one single cluster (Fig. 1a) .
215
However, the second and third axis, which respectively explained the 0.9% and 0.3% of the diversity, 216 separated the populations from sites Vm1, Vm3 and Vm5 (Fig. 1b) (Fig. 2) .
236
The results of the present study are in line with Jovancevic et al. 25 , who showed that bilberries 237 collected in sunny locations contained higher amounts of ACs with increasing altitude. In particular,
238
an increase in Dp-type ACs was observed in locations above 1500 m a.s.l.
25
. 
247
In blueberry, an opposite trend was observed during the two years in the present study; in 2013 the 248 accumulation of total AC was positively increasing towards higher altitudes (p = 0.0006), whereas in 2014 accumulation was negatively correlated with altitude (p = 0.0000; Fig. 3 ). In the case of 250 blueberry, only the cultivar (Brigitta Blue) was used in the study and, therefore, the seasonal 251 differences in the AC content were considered to be connected to environmental effects. bilberries were recorded with changing environments from southern to northern latitudes 10, 11, 21 .
259
In the present study we observed that the same factors vary markedly also along an altitudinal 260 gradient. Maximum daily temperatures decreased progressively with increasing altitude (Fig. 4 ).
261
Moreover, differences in temperatures were recorded throughout the two growing seasons, which
262
significantly affected the accumulation of ACs in berries (p < 0.05; Suppl. Table 2 ). Higher
263
temperatures were recorded during the year 2013, when also higher accumulation of AC was found 264 in bilberries, with higher proportion of acylated forms of ACs (Suppl. temperatures with an increased production in ACs, in particular of the Dp-type.
292
The biosynthesis of Dp-type ACs is driven by the flavanone 3'5'-hydroxylase (F3'5'H) gene, which 293 is responsible of the hydroxylation at the 3'5' positions of the B-ring of the precursor 294 dihydrokaempferol into Dp and the methylated derivatives Mv and Pt, and which also shifts the 295 biosynthesis from the Cy and Pn branch towards the branch of the flavonoid pathway producing Dp, 
306
In blueberry, marked differences in AC content were recorded in the same locations during the two throughout the pink and purple stages of berry development in both years (Fig. 4) . Consistently, the 332 difference in the content of ACs in berries between the two seasons was not as marked as in the other 333 two localities (270 ± 28 mg/100 g FW, in 2013 and 210 ± 11 mg/100 g FW in 2014; Fig. 3f , Suppl.
334 Table 3 ). In location Vc3, a difference of 5-10°C between the two seasons markedly affected the However, the temperature 340 conditions registered in location Vc1 during 2014 appeared to be optimal for the AC accumulation in 341 blueberries (Fig. 3f , Suppl. 
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